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1
Introduction
In accordance with work item GP-042677 “Toward A-GNSS concept”, the GNSS concept has been introduced in GERAN Stage 2 and Stage 3 specifications. In GERAN #32 the baseline implementation was agreed and some features were left for further analysis within Rel-7 [GP-062472]. One of those features is carrier phase measurement assistance, which is now covered in this document and in the related document  GP-070835. Although carrier phase measurement requesting and reporting on the uplink is already included in the specification, this document covers both MS-based and MS-assisted cases to form a complete picture of what is needed for carrier phase positioning.
In Figure 1 the generic signalling for carrier phase positioning in illustrated. This applies to all MS-based and MS-assisted Mobile Originated (MO-LR) and Mobile Terminated (MT-LR) Location Requests. Although the figure represents CS domain implementation the same principle applies also for PS domain. The only change compared to current implementation is that instead of one RRLP Measure Position Request – Response pair, several such messages are assumed to exchanged to get the first carrier phase location fix. The functionality in SMLC – MS interface is described in detail in the following sub-sections. For the other interfaces shown in the Figure 1, the only needed modification is in the request messages to carry the information that carrier phase positioning is requested and in response messages that carrier phase positioning has been used to obtain the location fix. If periodic location reporting is requested the sequence continues as detailed in TS 23.271.
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Figure 1 Generic signalling flow for carrier phase positioning 
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Signalling support for carrier phase positioning
This section discusses the proposed implementation of carrier phase positioning within a GERAN location architecture. 

The core of this feature is the availability and continuity of carrier phase reference measurements. That is, terminal to be located is performing carrier phase measurements on the satellite signals and in addition to that a reference station is also performing the same measurements. In MS-based positioning these reference measurements are transmitted to the MS accompanied by the time stamp of the measurements and the exact location of the reference station. For MS-assisted positioning, MS reports carrier phase measurements to SMLC. For the first location fix i.e. to solve the baseline, typically few assistance messages are needed. The amount and frequency of assistance data messages are further discussed in GP-070835.

2.1
Reference station

The reference station is the source of the carrier phase reference measurements. It perfoms continuous carrier phase measurements for all the visible satellites and reports these measurements to the SMLC as requested. One reference station could serve for example an area with the radius of 5 km. As described in GP-070835, carrier phase positioning determines relative position, hence the absolute accuracy depends on how accurately the location of the reference station is known.

In location architecture, an LMU is an obvious choice as a reference station. Another, more flexible possibility is to use so called Virtual Reference Stations (VRS). The source for reference measurements in this document is labelled as LMU/VRS. The information needed from the reference station is the same irrespective of the type of the source, either LMU or VRS. However, the protocol to interface the VRS service is not in the scope of 3GPP, hence only LLP is addressed in this document.
2.2
MS-based location request
This section describes the proposed signalling procedure for MS-based MO-LR and MT-LR. The procedure shown in Figure 2 can be used for all MS-based cases. In Figure 3 a special case of requesting carrier phase assistance data only is illustrated. This procedure can be used for MS-based MO-LR.
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Figure 2 SMLC – LMU and SMLC – MS signalling in MS-based case
1. SMLC may initiate carrier phase measurement process in LMU irrespective of any location request. LMU may be requested to report periodically if supported by LMU and SMLC.
2. When SMLC receives Perform Location Request from BSC (step 3 of Figure 1), SMLC initiates carrier phase measurement process in LMU if such process is not already ongoing and requests measurement report for time instant t. In case of MO-LR, MS may have requested for a certain reporting interval and total amount of reference measurement sets. LMU may be requested to report periodically if supported by LMU and SMLC. Carrier phase measurement process in LMU shall be continuous until it may be stopped in step 12.
3. When SMLC receives Perform Location Request from BSC (step 3 of Figure 1), SMLC requests MS to perform MS-based carrier phase positioning by sending RRLP Measure Position Request message. Carrier phase measurement process in MS shall be continuous until it may be stopped in step 11. If reference measurement reporting interval was not requested by MS, or SMLC uses another interval, the measurement interval information shall be present in the message.
4. MS acknowledges the Measure Position Request of step 3 by sending Measure Position Response. If MS is incapable of performing carrier phase measurements or does not support MS-based carrier phase positioning, Location Information Error Element shall be present. Successful measurement initiation is indicated by Measurement Status IE that informs SMLC that the process in ongoing, but the position fix is not yet available.
5. LMU sends the carrier phase measurement report requested in step 2 to SMLC. If carrier cycle slip(s) has taken place in the measurements, LMU shall set the continuity indicator for the related signal to ‘not continuous’.
6. SMLC sends Measure Position Request containing the reference carrier phase measurement results obtained in step 5 as assistance data to MS. Carrier Phase Time Stamp and Carrier Phase Reference Location shall be present in this message.
7. MS acknowledges the new assistance data (carrier phase measurements) set by including Measurement Status IE.
8. If periodic reporting from LMU was not requested, or supported, SMLC requests for a new carrier phase measurement report for a time instant t +(n-1)* interval , where n is the number of measurement reports.
9. LMU sends the carrier phase measurement report to SMLC. If carrier cycle slip(s) has taken place in the measurements, LMU shall set the continuity indicator for the related signal to ‘not continuous’.
10. SMLC sends a set of carrier phase measurements to MS. Measurement time stamp may be excluded if the measurements were taken exactly at the time tm = t +( n-1)*interval, where n is the number of reference measurement sets. If a requested number of reference carrier measurement sets is delivered, or positioning timer will expire before the next measurement set would be sent, SMLC may indicate that this is the final set to be sent.
11. If MS has the requested position fix available, it is returned.  If SMLC in step 10 indicated the final assistance data set, MS shall return the best location estimate is has or, if MS is not able to determine its location, Location Information Error Element shall be returned. If only a single location fix was requested, MS may stop carrier phase measurements after sending the Measure Position Response.
12. After SMLC has received the requested location fix, or error indication, it may send Carrier Phase Measurement Stop command to LMU. 

2.3
Assistance data delivery
In case of MS-based MO-LR, MS may choose to request for assistance data instead of its location. In RRLP this enables more efficient signalling procedure shown in Figure 3. This procedure is initiated as follows.
MS invokes MO-LR by sending a Register message containing LCS-MOLR invoke component, according to TS 24.030. The parameters shall be set to request assistance data, e.g. 

molr-Type = assistance data,
location Method = Assisted GANSS,

ganssAssistanceData = Requested GANSS Assistance Data( carrier phase assistance), as defined in section 3.3.
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Figure 3 SMLC – LMU and SMLC – MS signalling in assistance data request
1. SMLC may initiate carrier phase measurement process in LMU irrespective of any location request. LMU may be requested to report periodically if supported by LMU and SMLC.
2. When SMLC receives Perform Location Request from BSC (step 3 of Figure 1), SMLC initiates carrier phase measurement process in LMU if such process is not already ongoing and requests measurement report for time instant t. MS have requested for a certain reporting interval and total amount of reference measurement sets. LMU may be requested to report periodically if supported by LMU and SMLC. Carrier phase measurement process in LMU shall be continuous until it may be stopped in step 10.
3. LMU sends the carrier phase measurement report requested in step 2 to SMLC. If carrier cycle slip(s) has taken place in the measurements, LMU shall set the continuity indicator for the related signal to ‘not continuous’
4. SMLC sends Assistance Data message containing the reference carrier phase measurement results obtained in step 3. Carrier Phase Time Stamp and Carrier Phase Reference Location shall be present in this message.
5. MS responds with Assistance Data Acknowledgement according to RRLP assistance data delivery procedure.
6. If periodic reporting from LMU was not requested, or supported, SMLC requests for a new carrier phase measurement report for a time instant t +(n-1)* interval , where n is the number of measurement reports.
7. LMU sends the carrier phase measurement report to SMLC. If carrier cycle slip(s) has taken place in the measurements, LMU shall set the continuity indicator for the related signal to ‘not continuous’
8. SMLC sends Assistance Data message containing the reference carrier phase measurement results obtained in step 3. Measurement time stamp may be excluded if the measurements were taken exactly at the time tm = t +( n-1)*interval, where n is the number of reference measurement sets.

9. MS responds with Assistance Data Acknowledgement according to RRLP assistance data delivery procedure. 

10. After SMLC has delivered the requested amount of assistance data, it may send Carrier Phase Measurement Stop command to LMU.

2.4
MS-assisted location request
This section describes the proposed signalling procedure for MS-assisted MO-LR and MT-LR. The procedure shown in Figure 4 can be used for all MS-assisted cases.
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Figure 4 SMLC – LMU and SMLC – MS signalling in MS-assisted case
1. SMLC may initiate carrier phase measurement process in LMU irrespective of any location request. LMU may be requested to report periodically if supported by LMU and SMLC.

2. When SMLC receives Perform Location Request from BSC (step 3 of Figure 1), SMLC initiates carrier phase measurement process in LMU if such process is not already ongoing and requests measurement report for time instant t. LMU may be requested to report periodically if supported by LMU and SMLC. Carrier phase measurement process in LMU shall be continuous until it may be stopped in step 14.

3. When SMLC receives Perform Location Request from BSC (step 3 of Figure 1), SMLC requests MS to perform carrier phase measurements by sending RRLP Measure Position Request message. Carrier phase measurement process in MS shall be continuous until it may be stopped in step 13. The measurement reporting interval shall be present in the message. Optionally, the maximum number of measurement reports to be sent may be included.
4. LMU sends to SMLC the carrier phase measurement report requested in step 2. If carrier cycle slip has happened in the measurements, LMU shall set the continuity indicator for that signal to ‘not continuous’.
5. MS sends the first carrier phase measurement report in Measure Position Response immediately when the measurement is available. After sending the first measurement report, MS shall store measurement reports at the reporting interval. If MS is incapable of performing carrier phase measurements, Location Information Error Element shall be present. If Multiple Sets is allowed, MS may choose not to send the report 
6. If periodic reporting from LMU was not requested, or supported, SMLC requests for a new carrier phase measurement report.

7. SMLC requests for a new measurement report. 

8. LMU sends the carrier phase measurement report to SMLC. If carrier cycle slip has happened in the measurements, LMU shall set the continuity indicator for that signal to ‘not continuous’.
9. If Multiple Sets is not allowed, MS sends carrier phase measurement report in Measure Position Response. If one or more reporting intervals have elapsed since the last Measure Position Response, MS shall include the latest measurement report and after that may delete the stored reports. If carrier cycle slip has happened in the measurements, MS shall set the continuity indicator for that signal to ‘not continuous’. If Multiple Sets is allowed MS may choose not to send a measurement report but to store several (up to three) reports before sending them in one message. If more than three reporting intervals have elapsed since the last Measure Position Response, MS shall send Measure Position Response containing the three latest measurement reports and after that may delete the stored reports.
10. If Measure Position Response was sent in step 9, SMLC requests for a new report. Otherwise SMLC waits for response to the request of step 7.

11. MS sends the Measure Position Response containing 1 to 3 carrier phase measurement reports taken at intervals indicated in step 3. If carrier cycle slip has happened in the measurements, MS shall set the continuity indicator for that signal to ‘not continuous’.
12. SMLC requests the measurements until it is able to calculate the position, the maximum number of reports is achieved or position timer expires. In the last Measure Position Request, SMLC may indicate that no more measurement reports are needed.

13. MS sends the Measure Position Response. If carrier cycle slip has happened in the measurements, MS shall set the continuity indicator for that signal to ‘not continuous’. MS may stop measuring carrier phase if the requested number of measurement reports has been sent, maximum response time is exceeded, or SMLC has in step 12 indicated that this is the last report to send.

14. After SMLC has calculated the requested location fix, or reported location error to BSC, it may send Carrier Phase Measurement Stop command to LMU. 

3
Specifications affected

The modifications are mainly needed for TS 44.071, TS 44.031, and TS 49.031. TS 44.071 is discussed in sub-section 3.1, TS 44.031 in sub-section 3.2, TS 49.031 in sub-section 3.3, and other specifications in 3.4.
3.1
Modifications to LLP specification
To support carrier phase positioning, similar type of messages as for E-OTD are needed for the LMU – SMLC interface in TS 44.071. The required procedures are as follows.

GNSS Measurement Start

Parameters:
· Measurement Type

· Periodicity (optional)
· GNSS ID (optional)

· Signal ID (optional)

Functionality:
SMLC -> LMU

SMLC shall set the Measurement Type to ‘Carrier Phase’. When this message is received, LMU shall start carrier phase measurements for all the supported or requested GNSS and signals. If GNSS ID IE is included, measurements shall be started only for the defined GNSS. If Signal ID IE is included, measurements shall be started only for the defined signals. If Periodicity IE is included, LMU shall send measurement reports at the given interval.
 GNSS Measurement Stop

Parameters: 

· Measurement Type

· GNSS ID (optional)
· Signal ID (optional)

Functionality:
SMLC -> LMU

SMLC shall set the Measurement Type to ‘Carrier Phase’. When this message is received, LMU shall stop the ongoing carrier phase measurements. If GNSS ID IE and / or  Signal ID IE are included, this message applies only to defined GNSS and Signals.

GNSS Measurement Report Request

Parameters:
· Measurement Type

· Periodicity (optional)

· GNSS ID (optional)

· Signal ID (optional)
Functionality:
SMLC -> LMU

SMLC shall set the Measurement Type to ‘Carrier Phase’. When this message is received, LMU shall respond with GNSS Measurement Report containing carrier phase measurements for all the supported or requested GNSS and signals. If GNSS ID IE is included, measurements shall be reported only for the defined GNSS. If Signal ID IE is included, measurements shall be reported only for the defined signals. If Periodicity IE is included, LMU shall send measurement reports at the given interval.
GNSS Measurement Report

Parameters:
· Measurement Type

· Measurement Results
Functionality:
LMU -> SMLC

LMU shall send this message as a response to GNSS Measurement Report Request, or periodically if requested. LMU shall set Measurement Type to ‘Carrier Phase’. Measurement Results IE contains the following information elements:
· Time of measurement

· Reference location

· Reference location uncertainty
· For each GNSS
· For each Signal
· For each SV
· Code phase

· Code phase uncertainty

· Carrier phase

· Carrier phase uncertainty

· Carrier phase continuity flag

3.2
Modifications to RRLP specification
This section concludes the needed modifications for MS – SMLC interface in TS 44.031 as described in RRLP procedures shown in section 2. 
Measure Position Request

· MS-based carrier phase MO-LR shall requested by setting Method Type to ‘MS based’ and including GANSS Carrier-Phase Measurement Request IE in the message. I.e., in this case MS shall not return carrier phase measurements to SMLC.
· New IE Measurement Interval will be added. SMLC uses this IE to inform MS about the requested reporting interval. 

· New IE Number of Measurements will be added. SMLC uses this IE to inform MS about the requested number of measurement reports.
Measure Position Response

· New IE Measurement Status will be added. MS uses this IE for intermediate status reporting in MS-based carrier phase positioning. Intermediate reporting refers to responses that are needed to acknowledge the received Measure Position Request but neither location nor error is to be reported. If a Measure Position Response contains Measurement Status IE, it may also contain Additional Assistance Data IE. This can be used to redefine the assistance data set, for example to optimize the number of satellites for which the assistance is sent.
Assistance Data

· New IE GANSS Carrier Phase Time Stamp will be added. This IE indicates the time of measurement for the reference carrier phase measurements.
·  New IE GANSS Carrier Phase Reference Location will be added. It represents the location (e.g. LMU’s GNSS antenna reference point)  of the carrier phase measurements included in that message.

· Assistance Data will be extended to carry the carrier phase assistance information. The modifications are listed below. More detailed information about this extension can be found in GP-070835.
· Extended resolution for Code Phase

· New IE will be added to carry the Accumulated Delta Range (Carrier Phase) information.

· New IE will be added to carry the carrier phase uncertainty information.

· New IE will be added to carry the carrier phase continuity information.
3.3
Modifications to BSSAP-LE specification

In TS 49.031 the most significant modification is to add carrier phase positioning support for the assistance data request. Also, support for requesting and reporting of carrier phase positioning need to added.

Perform Location Request

· Carrier phase positioning request will be added
Perform Location Response

· Indication that carrier phase positioning was used will be added
Requested GANSS Assistance Data

· Bit to request for carrier phase assistance will be defined
· New Extension Octets will be added. This GANSS Carrier Phase Assistance Extension may contain the following information:

· Requested reporting interval

· Signal IDs to define the signals to be measured

· Requested number of measurement reports

· Time stamp of the previous measurement report

3.4
Impacts on other specifications
BSSAP (TS 48.008) and BSSGP (TS 48.018) specifications shall be able to carry the needed information to support carrier phase positioning. Also Supplementary Services specifications 24.030 and 24.080 may need to be updated.
4
Proposal
In this document it has been shown how carrier phase positioning fits into the GERAN location architecture and what kind of modifications would be needed to support this functionality. It is proposed that support for carrier phase positioning would be included to the GERAN specifications based on the guidelines presented in this document.
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